This paper analyzes whether the behavior of potential offenders can be guided by information on the actual detection probability transmitted by the policy maker. It is established that, when viewed as a cheap-talk game, the existence of equilibria with information transmission depends on the level of the sanction, the level of costs related to imposing the sanction, and the level of social harm resulting from the offense. In addition, we find that the policy maker (i.e., society as a whole) is not necessarily better off ex ante when more information is transmitted in equilibrium, but that potential offenders always are.
Introduction

Motivation and main results
"Crime doesn't pay!" -The use of this cliché by policy makers such as the European Commission 1 is an attempt to inform potential offenders about the probability of detection and the sanctions imposed thereafter. Another everyday example is the ubiquitous local transport company's informational poster warning that fare evasion is not worth the risk. However, while such announcements clearly state the applicable fine for fare-dodging, they neglect to provide information on the probability of a ticket check. In fact, if probability information were supplied, riders might reason that the transit company was overstating the risk of a ticket control, questioning the credibility of information related to the detection probability.
In other words, in this particular context and in many others, the level of the sanction can be observed at negligible or moderate cost, but the level of the detection probability cannot.
This paper studies the circumstances under which policy makers' announcements regarding detection probabilities can actually influence potential offenders' decisions.
The detection probability for a given crime at a given location and point in time can be hard to determine. Even if the budget for detection and prosecution remains the same, there may be variations in enforcement, as resources are used to fight crime A in location X in one period of time and crime B in location Y in another.
2 Some guidance might originate from a potential offender's personal experiences with enforcement, from the experiences of their peers, or from official statistics (although crime statistics tend to be unreliable since crime reporting is highly inaccurate). For example, using the officially reported clear-up rate for crimes provided by the police of the German state of Hesse as a proxy for the detection probability, we find that rates vary significantly even at relatively high levels of aggregation (see Table 1 ). 3 As an example, the clear-up rate for car theft with aggravating circumstances was 32.5 percent in 2009, but the rate dropped to only 21 percent in 2010. In general, even if potential offenders were to consult available information sources, this would still leave substantial uncertainty regarding the current level of detection probabilities. Policy makers may wish to remedy the lack of information about actual policing, but they face the difficulty of doing so credibly. For instance, Cameron (1989) argues that "increased police activity ... might have no impact on criminals because they do not ... believe publicity claiming that it has happened." Accordingly, this paper interprets the policy maker's transmission of information regarding the actual level of detection probabilities as cheap talk. Given this basic assumption we derive two main results, the first with respect to the possibility of information transmission, and the second concerning welfare consequences.
Our first central result is that information transmission is indeed possible. In line with the seminal paper by Crawford and Sobel (1982) , we establish in a static framework that under certain conditions, potential offenders' decisions can be influenced by the policy maker's message regarding the level of the detection probability. This comes despite arguments to 3 We are including crimes labeled with codes 3001, 4001, 3900, and 435*, relying on whereas incarceration of offenders might be associated with very high costs. 5 The roles that these three aspects -the level of the sanction, sanctioning costs, and harm -perform in the analysis are relatively intuitive. The policy maker is interested in optimal deterrence, such that the expected sanction (i.e., the product of the uncertain detection probability and the sanction) ideally mirrors the expected social costs (consisting of the level of harm and the expected sanctioning costs). The potential offender is interested in whether or not criminal gains will outweigh the expected sanction. Social harm is inflicted on society whenever the offense is committed (detected or not) and is therefore independent of the level of detection probability. In contrast, costs related to imposing a sanction are only incurred when the offender is detected, implying that expected sanctioning costs increase with the level of the actual detection probability. When the level of sanctioning costs is negligible, the policy maker would like to distort the detection probability perceived by potential offenders so that the expected sanction is equal to the level of harm (i.e., independent of the actual detection probability). In this case, information transmission cannot be precise because there is no alignment of interests. The situation is very different should the level of harm be small and the level of sanctioning costs high. In this case, the policy maker is interested in sending signals to the effect that the detection probability expected by potential offenders is indeed low (high) for low (high) realizations of the detection probability. This coincides more strongly with the potential offenders' needs, and therefore some credibility can be conferred 5 In the US, for example, the average cost of keeping an offender in jail or prison is about $26.000 per year (Schmitt et al. 2010 ).
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to the policy maker's message.
Our second central finding regards the payoff consequences of information transmission.
The benevolent policy maker (i.e., society as a whole) is not necessarily better off in an equilibrium with information transmission in comparison to an equilibrium without the transmission of information. We establish that there are certain parameter constellations of the level of the sanction, the level of harm, and the level of sanctioning costs that allow for some information transmission, but in which this transmission disadvantages the policy maker ex
ante. This result occurs for constellations in which the costs of imposing the sanction are relatively low. The explanation is that in such a scenario, the level of harm is the dominant argument from the policy maker's standpoint when it comes to optimal deterrence.
If information transmission is possible, there will be low (high) deterrence for low (high)
realizations of the detection probability. However, an intermediate level of deterrence irrespective of the level of the detection probability would be preferable from the policy maker's point of view. In contrast, the policy maker (i.e., society as a whole) is better off in an equilibrium with information transmission when the costs related to imposing the sanction are sufficiently high. In such circumstances, the policy maker's benefits from aligning potential offenders' decisions with the actual detection probability are greater, especially for high levels of the detection probability and corresponding high expected costs of imposing sanctions. For potential offenders, information transmission is always beneficial.
Relationship to the literature
The present paper is related to the literature on optimal law enforcement and to contributions dealing with cheap talk. The economic analysis of crime, a field pioneered by Becker In contrast, Sah (1991) presumes that individual beliefs about the detection probability are determined by the number of people they observe committing crimes and their arrest rates, and studies what this implies for the evolution of crime over time. Bebchuk and Kaplow (1992) analyze how potential offenders' imperfect information about the detection probability influences optimal law enforcement, establishing that it may no longer be optimal to impose the maximum sanction, a policy recommendation that otherwise results in the basic model. The framework of Bebchuk and Kaplow is used by Garoupa (1999) In their example, the receiver's action that the sender prefers differs from the action preferred by the receiver by a constant amount. Our application differs in this regard. The preferences of the policy maker (i.e., the sender) include the level of harm resulting from the crime and the costs of imposing sanctions. In contrast, the potential offenders' decisions are guided by the level of the sanction, which generally differs from the cost of imposing the sanction. This implies that the difference in the actions preferred by the policy maker and by offenders The balance of this paper is as follows: In Section 2, we describe the model to be used for the analysis in Section 3. Section 4 concludes our study.
Model
We consider a simple set-up similar to that used by Polinsky and Shavell (2001) The probability of apprehension expected by potential offenders does not need to correspond to the actual level of the detection probability, denoted by p. The actual detection probability is modeled as a random variable drawn from the interval [q, Q] according to a uniform distribution where 0 ≤ q, Q ≤ 1. The draw of the actual detection probability from the distribution is observed only by the policy maker, who then sends a message p m to potential offenders. There are several possible interpretations of this setting. The random nature of the detection probability may be due to the assignment of financial resources for crime control based on budgetary decisions made at higher levels (making it exogenous for enforcement authorities). Similarly, it may be that the policy maker is a regulatory body that may announce the level of the detection probability, while it is selected by the police which -due to agency costs -may have discretion as to the precise level of the detection probability. The regulatory body should still be able to correctly assess the actual detection probability as it understands the incentives for the police, but is not able to choose the detection probability itself. The possible range [q, Q] may be rather broad due to temporary concentrations of crime-fighting resources on specific types of offense and/or locations, for example.
Before describing the policy maker's objective function, we briefly summarize the timing of events in our model. The policy maker is benevolent and seeks to maximize welfare, defined by
where τ f , τ ∈ (0, T ), is the cost of imposing the sanction as a multiple of the sanction itself (Polinsky and Shavell 1992 
From (2), optimal deterrence from the policy maker's point of view would be achieved for
is, when only those crimes are committed for which the offender's benefit surpasses the sum of harm done and the expected costs of imposing the sanction. The second derivative assures that this would constitute a maximum of the policy maker's objective function. The fact that the cross-derivative Wb p is positive means that the optimal level of deterrence from the policy maker's standpoint is a strictly increasing function of the actual value of the detection probability. Thus, both potential offenders and the policy maker share a preference for fewer offenses, given a higher level of p. In other words, there is some alignment of the policy maker's and potential offenders' interests for positive costs of imposing sanctions, τ > 0. This is a prerequisite for information transmission to occur.
Note that in our framework, as is standard for cheap-talk games, the level of the message p m does not itself affect either the policy maker's or potential offenders' well-being. Only by influencing potential offenders' beliefs about the actual level of the detection probability (p e ), which in turn determines the crime rate, does the policy maker's message affect social and individual welfare.
When sending the message at Stage 2, the policy maker would like to ensure that the level of deterrence is fixed at the level of social costs implied by the commission of the act (i.e., that
As a result, the policy maker would like potential offenders to expect a detection probability equal to h/f + pτ when the actual level of the detection probability is p. This means that the difference between what the policy maker would like potential offenders to believe and the actual detection probability (denoted by ∆) is a function of the random variable p, . In other words, the policy maker would always like potential offenders to believe that the detection probability is higher than it actually is when the costs of imposing sanctions are relatively high, τ ≥ 1, whereas relatively low costs of imposing sanctions, τ < 1, allows for a positive (negative) bias for low (high) levels of p. For relatively high costs of imposing sanctions, the sum of these costs and social harm would surpass the expected sanction if potential offenders knew the actual detection probability. This implies that the policy maker would like to make potential offenders believe that the probability of apprehension is higher than it actually is and explains the overall positive bias in this case. In contrast, for relatively low costs of imposing sanctions, the expected sanction when expectations are formed using the actual level of the detection probability can surpass actual social costs for high levels of the detection probability (i.e., over-deterrence might result). The lower the level of harm associated with the act, the more likely this is to occur. In this case, the policy maker might be interested in encouraging the criminal act by making potential offenders believe that the probability of apprehension is lower than it actually is.
Analysis
Our framework includes sequential moves and asymmetric information. Accordingly, in the following analysis, we seek to establish perfect Bayesian equilibria, consisting of (i) a privately optimal message by the policy maker at Stage 2, p m , contingent on the realization of the detection probability at Stage 1 and on potential offenders' beliefs, (ii) privately optimal decisions by potential offenders at Stage 3, contingent on the message sent by the policy maker at Stage 2 and their beliefs, and (iii) the consistent beliefs p e (p m ) held by potential offenders. Our interest is in the equilibria in which some information is transmitted, which may thus be compared to the so-called "babbling" equilibrium. In the latter case, potential offenders expect that the policy maker's message contains no information and thus base their decision of whether or not to offend solely on prior information. Since the actual level of p can range from q to Q according to the uniform distribution, the a priori expected value of the detection probability is given by P = (q + Q)/2. As a result, the share of offenders in the "babbling" equilibrium is 1 − f P/B. Indeed, given the strategy and beliefs of potential offenders, p e = P for all p m , the policy maker indeed has no incentive to convey any information and thus "babbles".
We will proceed as follows: In Section 3.1, we begin by detailing whether the interval for the detection probability can be divided into two subintervals, such that the policy maker's message is either that of a high or a low detection probability. This allows us to establish the general possibility of information transmission with respect to the detection probability. Next, we generalize the possible partition of the interval into n subintervals, creating a finer information transmission. For the special case in which the level of the sanction is equal to the level of the costs of imposing the sanction, τ = 1, we explicitly solve for the maximum number of potential subintervals; we provide a graph to illustrate the possibility for information transmission when τ ̸ = 1 holds. In Section 3.2, we demonstrate that information transmission is not always beneficial from the policy maker's point of view. In deriving the expected detection probability, we again assume a uniform distribution of the actual detection probability within the subintervals. Correspondingly, the crime will be committed when 
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The possibility of information transmission
Solving (7) for the level of p 2 1 gives
which may be rearranged to
this simply states that at the critical level p 2 1 , the expected social costs of a marginal offense (the left-hand side of the equation) are equal to the average of the critical benefit levels (the 7 In the notation with p n t , the superscript indicates that the interval [q, Q] is split into n intervals and the subscript indicates that we are considering the t-th critical value for the upper limit of the corresponding subinterval.
right-hand side).
Based on Wb p > 0, we can argue that the policy maker indeed prefersb 2 tob 1 when p > p 2 1 andb 1 tob 2 when p < p 2 1 . For instance, should the actual detection probability be rather high, p > p 2 1 , then the policy maker would want fewer potential offenders to actually commit the offense since, in addition to social harm, committing the act implies sanctioning costs τ f with the rather high detection probability p. This is thus consistent with the policy maker sending p m 1 whenever p ∈ [q, p solely as a function of exogenous parameters:
The existence of an equilibrium in which the interval for the detection probability is partitioned into two subintervals requires that q < p 2 1 < Q, which translates into
for τ < 1/2, using P = (q + Q)/2, and
for τ > 1/2. Accordingly, whether or not the condition for the existence of the subintervals is fulfilled depends on the ratio of the harm and the sanction as well as on the sanctioning costs parameter τ . This will be discussed in more detail later in this section; for now, it is sufficient to note that the above condition can indeed be fulfilled.
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We are now in the position to state the following result:
8 Assume, for example, that τ = 1. In this case, the above condition is fulfilled for every sanction f with f > 4h/(Q − q).
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Proposition 
Proof. Follows from the above.
The characteristics of the equilibrium are such that the policy maker may use any message from the relevant range. The specification of (13) implies that potential offenders' belief after
. As a consequence, there are no messages which are off the equilibrium path, because all possible levels of p are actually used with positive probability in equilibrium. However, note that the equilibrium specified in Proposition 1 is only one possibility of many.
9 However, irrespective of how the partition equilibrium is described, it will always hold that potential offenders' decisions are based on the critical valuesb 1 andb 2 in response to the informative message sent by the policy maker.
The above analysis describes in detail the case of two segments, showing that the decision of whether or not to offend can be (at least somewhat) fine-tuned to the actual detection probability, rather than being based on the a priori expected level of p alone. The restriction q < p 2 1 < Q makes it clear that this result is obtained only for certain parameter configurations. Before we turn to illustrations of parameter constellations for which partition equilibria are indeed possible, we propose that finer partitions (implying n segments) may also present equilibria: n t < Q for all t = 1, ..., n − 1. There is a partition equilibrium in which the policy maker announces
and potential offenders choose to offend when criminal gains are greater than or equal tō
for t = 1, ..., n, believing that
Proof. This proposition is a generalization of the result for the partition of the interval for the detection probability into two subintervals, and the calculations required to arrive at the critical values for the subintervals follow those explicated for the case with two subintervals.
Equation ( (5)). For τ = 1, we can solve (14) to obtain
where p n 0 = q and p n 1 is left undetermined. In accordance with Crawford and Sobel (1982), we argue that the finest possible partition can be found by solving 2n(n − 1)h/f < Q − q, which gives the critical value n c = 1 2
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The maximum number of subintervals equals the maximum integer less than or equal to n c . combinations for which a partition into two subintervals is possible. The parameter configurations of this area are such that the difference ∆ is positive (negative) for low (high) levels of the detection probability, implying that the policy maker would like to make potential offenders believe that p is higher (lower) than it actually is for low (high) levels. Let us consider an illustrative example. It is possible to have a partition with two segments when h = .6 and τ = . 05 . In this case, the difference is ∆ = .4−.95p and equals zero when p = .63.
Proposition 3 Suppose that
The critical level p 2 1 in this case is equal to .78, balancing the fact that the policy maker tends toward an overstatement in the first segment of the partition and toward an understatement in the second. 10 The scenario in which parameters are such that ∆ is positive or negative depending on the level of p is not a case that allows for a finer partition.
The expected payoffs of the policy maker and of offenders
In this subsection, we briefly discuss the influence of the fineness of information transmission on the payoffs of the policy maker and of potential offenders. With regard to potential offenders, who act as receivers of the message, the results of Crawford and Sobel (1982) carry over to our framework, i.e., an equilibrium with a finer partition benefits potential offenders ex ante but not necessarily ex post. Before the actual detection probability is drawn according to its distribution function, a finer partition ensures that potential offenders' beliefs are closer to the actual value, thereby enabling decisions regarding crime that are on average more accurately aligned with the actual detection probability. In contrast, after the actual detection probability is drawn according to its distribution function, it may be that the actual level of p is such that another partition with less information transmission 10 The ranking of the level of p for which ∆ = 0 and p 2 1 need not be such that the latter is always greater than the former in the upper left-hand shaded area; the reverse may also be true. This results, for example, for τ = .2 and h = .26.
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Figure 1: Parameter ranges of τ ∈ (0, 2) and h ∈ (0, 1) for partition equilibria would have led to a more profitable decision from the point of view of potential offenders.
For example, suppose that the actual draw of p is equal to P = (q + Q)/2. In this case, the "babbling" equilibrium induces privately optimal offense decisions made by potential offenders, whereas finer partitions induce a deviation. In contrast to the above discussion for potential offenders, with regard to the policy maker as the sender of the message, we find that a finer partition may actually decrease expected payoffs ex ante. 
Proposition 4 Suppose that q < p
Proof. The societal welfare level without information transmission is
and
when there is a partition of the full interval into two subintervals. The policy maker benefits from information transmission when
Equations (11) and (12) imply that the product of the last two terms in brackets in the above equation is negative when q < p 2 1 < Q. As a result, the policy maker is better off in the equilibrium with a partition into two subintervals than in the "babbling" equilibrium only if τ > 1/2.
The constellations identified by the requirements q < p 2 1 < Q and τ < 1/2 are instances in which ∆ is positive for low realizations of p and negative for high realizations of p.
In other words, if perfect information transmission were possible (p e = p), there would be underdeterrence (overdeterrence) for low (high) values of p. Consequently, a finer information partition also implies that offenders would be led further astray from optimal deterrence if the actual detection probability is rather low or high. For the parameter range in question, the level of harm caused by criminal acts is relatively high (see Figure 1) . Accordingly, the negative influence of a deterrence level that is inappropriate in view of the harm caused is more important from the social welfare perspective than it is for the other parameter range that allows an equilibrium with two segments. In summary, our findings contradict the results of the classic example in Crawford and Sobel (1982) .
The negative effect on the ex-ante expected payoffs of the policy maker in the case of two subintervals results for low levels of τ , that is, in a scenario in which the costs of imposing a sanction are relatively low compared to the level of the sanction. This may be interpreted as being more likely in the case of minor offenses in which the sanction is often a monetary transfer. In contrast, in a case in which the sanction includes incarceration of the offender, it might be supposed that the costs of imposing the sanction would be rather high. This latter case is relevant for more severe crimes.
Conclusion
Potential offenders are often agnostic about law enforcement policy. This suggests that many 
